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Abstract
Purpose: Fungi are a major cause of keratitis, although few medications are licensed for their treatment. The aim of this
study is to observe the variation in commercialisation of antifungal eye drops, and to predict the seasonal distribution of
fungal keratitis in Brazil.
Methods: Data from a retrospective study of antifungal eye drops sales from the only pharmaceutical ophthalmologic
laboratory, authorized to dispense them in Brazil (Opthalmos) were gathered. These data were correlated with geographic
and seasonal distribution of fungal keratitis in Brazil between July 2002 and June 2008.
Results: A total of 26,087 antifungal eye drop units were sold, with a mean of 2.3 per patient. There was significant variation
in antifungal sales during the year (p,0.01). A linear regression model displayed a significant association between reduced
relative humidity and antifungal drug sales (R2 = 0.17,p,0.01).
Conclusions: Antifungal eye drops sales suggest that there is a seasonal distribution of fungal keratitis. A possible
interpretation is that the third quarter of the year (a period when the climate is drier), when agricultural activity is more
intense in Brazil, suggests a correlation with a higher incidence of fungal keratitis. A similar model could be applied to other
diseases, that are managed with unique, or few, and monitorable medications to predict epidemiological aspects.
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Introduction
Fungal keratitis is a common and important cause of corneal
morbidity in tropical regions of the world. Perhaps because it is less
common among industrialized countries located in more temper-
ate climates, research into the risk factors and treatment options of
this orphan disease has sometimes been lower than expected [1,2].
In tropical and developing countries, fungal ulcers represent
from 4% to 60% of infectious corneal ulcers [1,3–5]. This
distribution is believed to result from socioeconomic conditions,
environmental characteristics, and geographical variations, such as
latitude and climatic differences, especially humidity [1,6–8].
Previous works has revealed a significant increase in the number of
reported cases of fungal keratitis during the harvest period
[1,2,8,9].
Brazil is a developing tropical country with extensive dimen-
sions and various environmental, climatic, and socio-economic
characteristics along its length. According to the Ko¨ppen system
[10], Brazil hosts five major climatic subtypes: equatorial, tropical,
semiarid, highland tropical, and temperate. Biomes range from
equatorial rainforests in the north and semiarid in the northeast, to
temperate coniferous forests in the south and tropical savannas in
central Brazil, but the largest part of the country is tropical.
Fusarium species of fungi are commonly associated with fungal
keratitis in Brazil [3,11,12,13], where natamycin and amphoter-
icin B eye drops are available for the management of fungal
keratitis. Indeed, these drops are widely prescribed [12].
Natamycin is the only topical ophthalmic antifungal agent
approved by the US Food and Drug Administration, and is the
drug of choice for filamentous fungal keratitis worldwide [14]. The
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commercialisation of antifungal eye drops is tightly regulated in
Brazil; these drugs are not available in drugstores and must be
exclusively formulated for each patient. Ophtalmos was the first
and major laboratory authorised by ANVISA (National Health
Surveillance Agency) to produce, market and distribute eye drops,
that are not manufactured by the pharmaceutical industry.
Therefore, the company provides most of the eye drops used by
patients. The alternative is the manipulation (dilution) of a
commercial presentation for systemic (intravenous) use by the
physician or someone from his/her staff.
Kaiserman et al [15] previously used drug prescriptions to
predict the prevalence of eye disease in diabetic patients, however,
a similar approach to identify the geographical distribution and
correlation with potential risk factors has not been used in
ophthalmology.
The current study aims to examine the commercialisation of
formulated antifungal eye drops, by the only pharmaceutical
company formally able to distribute them in this country, and to
predict the distribution and seasonality of fungal keratitis in Brazil.
Methods
The Research Ethics Committee of the Faculty of Medicine of
Ribeira˜o Preto, University of Sa˜o Paulo approved this study, and it
was conducted in accordance with the guidelines for confidenti-
ality of medical records and the Declaration of Helsinki.
Antifungal eye drops are not commercially available in
drugstores in Brazil. Rather, these drugs must be exclusively
formulated for each patient and are sold directly by the laboratory,
either through a call-in prescription or by postal delivery.
Antifungal eye drops are commercialised mainly by Ophtalmos
Labs, in Brazil and dispensed only with the retention of prescription.
We retrospectively analysed sales of natamycin and amphotericin B
from this laboratory between July 2002 and June 2008. The
company data bank of antifungal eye drops was analyzed and the
distribution of dispensed units was registered by number of units/
month for each drug and for each state of the federation. Population
data were obtained from IBGE (Brazilian Institute of Geography
and Statistics) at www.ibge.gov.br. The antifungal prescription was
not necessarily made after microbiological confirmation of the
aetiological agent and the clinical judgment to initiate or to continue
antibiotic concomitant treatment was not evaluated.
We evaluated the data regarding units of antifungal eye drops
sold during 72 months (6 years) for each one of the 27 Brazilian
States. The total of units sold in each month was divided by the
State population to reduce heterogeneity caused by different
population size between States by using the following formula:
antifungal eye drop units sold per million inhabitants = total units
sold in one month/population of the State61,000,000. For each
of the 72 months, data regarding total rain precipitation (mm),
average relative humidity (%) and average temperature (uC) were
also acquired for all 27 States. Climatic characteristics of each
region were obtained from INMET (National Institute of
Weather) at www.inmet.gov.br.
Statistical analysis was performed by using GraphPad Prism 5.0
(GraphPad Inc., San Diego, CA, USA) and SPSS 16.0 for
Windows (SPSS Inc. Chicago, IL, USA). We evaluated the linear
regression (R2 and p-value) between the antifungal eye drop sales
per million inhabitants and total rain precipitation (mm), average
relative humidity (%) and average temperature (uC) considering all
1,944 State-months. Additionally we performed multiple linear
regression (stepwise model) between the same parameters.
When comparing antifungal eye drop sales differences between
months, we performed one-way analysis of variance (ANOVA)
considering the total units sold in the whole country for each
month averaging for the 6-year period the outcome variable
(dependent) and the months of the year the predictor (indepen-
dent) variable. The Huber-White variance correction was applied
in order to determine the robust estimator using each state as a
subject and each of 72 months as repetition (12 months of 6 years).
This analysis was performed using the Generalized Linear Models.
Results
The antifungal eye drops sold were categorised into types:
natamycin or amphotericin. There were more than five times as
many sales of natamycin as there were sales of amphotericin
throughout the study period and a total of 26,087 antifungal eye
drop units were sold during the study period. In addition, the units
per patient was almost double for natamycin compared to
amphotericin (Table 1).
Along of the 6 years evaluated there was no significant increase
of antifungal eye drops sale.
The total number of individuals was 10175, dividing this
number by the six years and the average Brazilian population in
the period (188,298,099 inhabitants in 2006), it was estimated that
the incidence of cases of fungal keratitis was 9.01/million of
inhabitants per year [16].
When analysing the plots and the linear regression of the units
of antifungal eye drop sold per million inhabitants with relative
humidity, total rain precipitation and average temperature, we
observed a significant association between the amount of
antifungal eye drops units sold per inhabitant with both relative
humidity and rain precipitation, but not with the temperature
(Figure 1). When performing multiple linear regression, we
observed that only relative humidity was associated with the
amount of antifungal eye drops units sold per inhabitant
(Beta =20.41, p,0.01); after correction for humidity, there was
no association of the amount of units sold per inhabitant and rain
(Beta =20.03, p= 0.17) or temperature (Beta = 0.04, p= 0.06).
We observed significant differences in the total of units of
antifungal eye drop sold in Brazil between months during the 6-
year period (p,0.01; ANOVA; Figure 2): the month with the
highest sales was August (478650 units; mean6SD); while the
month with the lowest sales was April (289 6 28 units;
mean6SD). In Figure 2 we also report the relative humidity in
Brazil averaged in the 6-year period, demonstrating that the
months with highest sales were also those with lowest relative
humidity. Using Huber-White variance correction (robust estima-
tor), there was significant correlation between sales and humidity
(p,0.01), but not with temperature (p = 0.10) or rain precipitation
(p = 0.23).
Discussion
The estimated incidence of fungal keratitis n Brazil is much
higher than reported in United Kingdom (UK) (9.01 versus 0.32
cases/million per year) [17]. However, the present study is
Table 1. Units of each antifungal eye drop sold between July
2002 and June 2008 in Brazil by Ophtalmos Labs.
Antifungal Total Units Total Patients Units/Patient
Natamycin 21.707 7.688 2,82
Amphotericin B 4.380 2.487 1,76
doi:10.1371/journal.pone.0033775.t001
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probably overestimating the number of cases, since the survey here
was based on number of individuals to whom the drugs were
prescribed, and in UK, the numbers were related to microbiolog-
ical confirmed cases. By now, it is not possible to make a similar
survey, because there is not a national database for fungal keratitis
and most of cases are treated based on clinical presentation. A
recent study in Brazil estimated that 48% of clinically predicted
fungal keratitis were confirmed by microbiological exam [18].
Even with those numbers, the incidence of fungal keratitis in Brazil
would be more than 10 times higher than in UK. Moreover, the
present work reveals that antifungal sales correlate with the driest
season of the year.
Location and weather may play a major role in the
epidemiology of eye diseases [19]. For instance, in more temperate
climate areas, fungal corneal ulcers are more frequently caused by
Candida spp. than by filamentous fungi [20]. However, this pattern
is reversed in the tropics, where keratitis is predominantly caused
by filamentous fungi. These geographic differences could be
influenced by several factors, including climate, ecology, behavior,
and socio-economics. In this study, we show that climate seems to
play a substantial role for fungal keratitis, with humidity
accounting for 17% of the variability in antifungal prescriptions
in Brazil. [2,12,20,21].
Studies have shown that areas where the climate is warm and
humid, especially near the Equator, have more cases of fungal
keratitis; in these areas, filamentous fungi are the dominant fungal
corneal pathogen [12,22]. Temperature and humidity have a
major role in determining the microorganisms found in the
environment; for example, Fusaisum spp. predominates in tropical
areas [23,24]. However, the specific seasonal behaviour was not
previously documented. Observing that other important risk
factors for fungal keratitis are agricultural activity and ocular
vegetal injury and individuals have been shown to be more
vulnerable to ocular trauma when harvesting or collecting, our
findings agree with the hypothesis that in tropical region the driest
season, when those activities are more frequent, present the
highest frequency of antifungal eye drops sales [2].
Our study shows an increase in antifungal sales during the third
trimester of the year in Brazil. This period coincides with the
collection and harvest season for many crops, such as corn,
soybeans, sugar cane, coffee, rice and oranges, however any
correlation among our data and agricultural activity in Brazil is
still speculative. Some researchers have shown that the incidence
of fungal keratitis is higher during harvesting and also during other
times of the year when agricultural activity is higher, thus
correlating the disease with harvesting crops such as rice [25]
and onion [7]. In Brazil, harvest time is a period when there is a
low precipitation index, dry air and a lower mean temperature
than at other times of the year. The peak incidence of fungal
keratitis has already been correlated with windy and dry weather
in other countries, where the principal fungus isolated from
patients was Fusarium [2,26]. However, studies in India have
shown inverse disease seasonality, with disease incidence increas-
ing during humid months [25], or even during the winter and
monsoon (rainy) season [26,27]. This discrepancy could be
explained by a variety of factors. The causative organisms could
be different in the 2 countries, with some Indian studies reporting
high numbers of Curvalaria or Aspergillus, whereas Brazilian studies
have reported mostly Fusarium. Though both are tropical
countries, there are nonetheless ecological differences. For
example, India has 6 major climatic subtypes, ranging from desert
to glacial, whereas Brazil has only 5 major subtypes, and does not
have either the desert or glacial subtype, according to the Ko¨ppen
system [3,8,10,27].
Although all five regions presented similar levels of antifungal
topical eye drops sales and also comparable levels of humidity and
rain precipitation, we saw high sales in Piaui, a state in the
Northeast region, compared to the other states. It is one of the
driest Brazilian states with a mean humidity of 70 6 10.9%, while
Figure 2. Antifungal eye drop units sold in Brazil (white
columns) and the average relative humidity (black columns)
separated by month averaged in 6-year period (from July 2002
to June 2008; white columns). Bars represent means and errors the
95% confidence interval.
doi:10.1371/journal.pone.0033775.g002
Figure 1. Plots of and the linear regression of the units of antifungal eye drop sold per million inhabitants with relative humidity,
total rain precipitation and average temperature. The solid line represents the best fit curve and the dotted lines the 95% confidence interval.
doi:10.1371/journal.pone.0033775.g001
Epidemiology of Fungal Keratitis
PLoS ONE | www.plosone.org 3 March 2012 | Volume 7 | Issue 3 | e33775
the national mean is 77.9 6 7.4%. We did not see many sales of
eye drops in the Amazon area, a place that is hot and wet, even
though it is similar to places where a high incidence of fungal
keratitis cases are seen. This low incidence may be explained by
the low population density and predominant forest vegetation,
both of which contribute to low levels of agricultural activity. In
addition, a lower number of health care professionals in the region
may explain the lower number of antifungal prescribed.
Combining these findings with the high incidence of filamentary
fungal keratitis in males enrolled in agricultural work, it appears
that fungal keratitis is a major labour–related disease [2].
Another relevant aspect in fungal keratitis is the paucity of
therapeutical options and providers. In Brazil, this study was only
possible because no industry commercializes antifungal eye drops
and the only registered company dispenses them by prescriptions.
It is possible that non-registered formulations, or patients treated
with systemic drugs are a source of bias in the present work.
However, the severity of fungal keratitis and the difficulty in
resolving the infection generally leads patients to referral centers
that comply with broadly accepted treatments.
Our results are consistent with other studies of fungal keratitis
conducted in Brazil [12,18] In previous studies, patients with
fungal keratitis have on average been younger than patients with
bacterial keratitis, which would be expected if younger agricultural
workers are especially at risk for fungal keratitis. Moreover,
previous studies have specifically identified ocular trauma and
male gender as risk factors, which is consistent with the theory that
agricultural work is the primary risk factor for fungal keratitis.
The observed trend in drug sales is a useful method to study
seasonal distribution of filamentary fungal keratitis. The present
data, combined with previous observations of a higher risk in
individuals involved in agricultural work in Brazil, suggests
relationship of this infection with agricultural routines, as well as
the need to improve preventive methods, such as the use of
protective glasses [12,18]. This information should support the
implementation of such strategies in vulnerable populations.
Acknowledgments
The authors also acknowledge the NIH Fellows Editorial Board for
editorial assistance with the present manuscript and Geraldo Cassio dos
Reis for assistance with statistics.
Author Contributions
Conceived and designed the experiments: MMI EMR. Performed the
experiments: RD ASL GDVC FMI LTM MPB. Analyzed the data: MMI
WPM EMR. Contributed reagents/materials/analysis tools: ASL GDVC
WPM. Wrote the paper: MMI ASL EMR.
References
1. Leck AK, Thomas PA, Hagan M, Kaliamurthy J, Ackuaku E, et al. (2002)
Aetiology of suppurative corneal ulcers in Ghana and south India, and
epidemiology of fungal keratitis. Br J Ophthalmol 86: 1211–1215.
2. Bharathi MJ, Ramakrishnan R, Meenakshi R, Padmavathy S, Shivakumar C, et
al. (2007) Microbial keratitis in South India: influence of risk factors, climate,
and geographical variation. Ophthalmic Epidemiol 14: 61–69.
3. Hofling-Lima AL, Forseto A, Duprat JP, Andrade A, Souza LB, et al. (2005)
[Laboratory study of the mycotic infectious eye diseases and factors associated
with keratitis]. Arq Bras Oftalmol 68: 21–27.
4. Laspina F, Samudio M, Cibils D, Ta CN, Farina N, et al. (2004)
Epidemiological characteristics of microbiological results on patients with
infectious corneal ulcers: a 13-year survey in Paraguay. Graefes Arch Clin
Exp Ophthalmol 242: 204–209.
5. Xie L, Zhong W, Shi W, Sun S (2006) Spectrum of fungal keratitis in north
China. Ophthalmology 113: 1943–1948.
6. Ou JI, Acharya NR (2007) Epidemiology and treatment of fungal corneal ulcers.
Int Ophthalmol Clin 47: 7–16.
7. Lin SH, Lin CP, Wang HZ, Tsai RK, Ho CK (1999) Fungal corneal ulcers of
onion harvesters in southern Taiwan. Occup Environ Med 56: 423–425.
8. Wilhelmus KR (2005) Climatology of dematiaceous fungal keratitis.
Am J Ophthalmol 140: 1156–1157.
9. Yilmaz S, Ozturk I, Maden A (2007) Microbial keratitis in West Anatolia,
Turkey: a retrospective review. Int Ophthalmol 27: 261–268.
10. Peel MC, Finlayson BL, McMahon TA (2007) Updated world map of the
Ko¨ppen-Geiger climate classification. Hydrol Earth Syst Sci 11: 1633–1644.
11. Carvalho M, Bordignon GP, Queiroz-Telles F (2001) Ceratite fu´ngica no estado
do Parana´ - Brasil: aspectos epidemiolo´gicos, etiolo´gicos e diagno´sticos. Revista
Iberoamericana de Micologia. pp 76–78.
12. Ibrahim MM, Vanini R, Ibrahim FM, Fioriti LS, Furlan EM, et al. (2009)
Epidemiologic aspects and clinical outcome of fungal keratitis in southeastern
Brazil. Eur J Ophthalmol 19: 355–361.
13. Passos RM, Cariello AJ, Yu MC, Ho¨fling-Lima AL (2010) Microbial keratitis in
the elderly: a 32-year review. Arq Bras Oftalmol 73: 315–319.
14. O’Day DM (1987) Selection of appropriate antifungal therapy. Cornea 6:
238–245.
15. Kaiserman I, Kaiserman N, Nakar S, Vinker S (2005) Dry eye in diabetic
patients. Am J Ophthalmol 139: 498–503.
16. IBGE website (2006) http://www.ibge.gov.br/home/estatistica/populacao/
estimativa2006/estimativa.shtm. Accessed 2011, Dec 17.
17. Tuft SJ, Tullo AB (2009) Fungal keratitis in the United Kingdom 2003–2005.
Eye (Lond) 23: 1308–1313.
18. Ibrahim MM, Vanini R, Ibrahim FM, Martins WeP, Carvalho RT, et al. (2011)
Epidemiology and medical prediction of microbial keratitis in southeast Brazil.
Arq Bras Oftalmol 74: 7–12.
19. Johnson GJ (2004) The environment and the eye. Eye (Lond) 18: 1235–1250.
20. Galarreta DJ, Tuft SJ, Ramsay A, Dart JK (2007) Fungal keratitis in London:
microbiological and clinical evaluation. Cornea 26: 1082–1086.
21. Jurkunas U, Behlau I, Colby K (2009) Fungal keratitis: changing pathogens and
risk factors. Cornea 28: 638–643.
22. Saha R, Das S (2006) Mycological profile of infectious Keratitis from Delhi.
Indian J Med Res 123: 159–164.
23. Rosa RH, Jr., Miller D, Alfonso EC (1994) The changing spectrum of fungal
keratitis in south Florida. Ophthalmology 101: 1005–1013.
24. Mino de Kaspar H, Zoulek G, Paredes ME, Alborno R, Medina D, et al. (1991)
Mycotic keratitis in Paraguay. Mycoses 34: 251–254.
25. Dunlop AA, Wright ED, Howlader SA, Nazrul I, Husain R, et al. (1994)
Suppurative corneal ulceration in Bangladesh. A study of 142 cases examining
the microbiological diagnosis, clinical and epidemiological features of bacterial
and fungal keratitis. Aust N Z J Ophthalmol 22: 105–110.
26. Gopinathan U, Garg P, Fernandes M, Sharma S, Athmanathan S, et al. (2002)
The epidemiological features and laboratory results of fungal keratitis: a 10-year
review at a referral eye care center in South India. Cornea 21: 555–559.
27. Kotigadde S, Ballal M, Jyothirlatha, Kumar A, Srinivasa R, et al. (1992) Mycotic
keratitis: a study in coastal Karnataka. Indian J Ophthalmol 40: 31–33.
Epidemiology of Fungal Keratitis
PLoS ONE | www.plosone.org 4 March 2012 | Volume 7 | Issue 3 | e33775
